Context. Intermediate-mass, magnetic chemically peculiar (Ap) stars provide a unique opportunity to study the topology of stellar magnetic fields in detail and to investigate magnetically driven processes of spot formation. Aims. Here we aim to derive the surface magnetic field geometry and chemical abundance distributions for the extraordinary Ap star HD 75049. This object hosts a surface field of ∼ 30 kG, one of the strongest known for any non-degenerate star. Methods. We used time-series of high-resolution HARPS intensity and circular polarisation observations. These data were interpreted with the help of magnetic Doppler imaging and model atmospheres incorporating effects of a non-solar chemical composition and a strong magnetic field. Results. Based on high-precision measurements of the mean magnetic field modulus, we refined the rotational period of HD 75049 to P rot = 4.048267 ± 0.000036 d. We also derived basic stellar parameters, T eff = 10250 ± 250 K and log g = 4.3 ± 0.1. Magnetic Doppler imaging revealed that the field topology of HD 75049 is poloidal and dominated by a dipolar contribution with a peak surface field strength of 39 kG. At the same time, deviations from the classical axisymmetric oblique dipolar configuration are significant. Chemical surface maps of Si, Cr, Fe, and Nd show abundance contrasts of 0.5-1.4 dex, which is low compared with many other Ap stars. Of the chemical elements, Nd is found to be enhanced close to the magnetic pole, whereas Si and Cr are concentrated predominantly at the magnetic equator. The iron distribution shows low-contrast features both at the magnetic equator and the pole. Conclusions. The morphology of the magnetic field and the properties of chemical spots in HD 75049 are qualitatively similar to those of Ap stars with weaker fields. Consequently, whatever mechanism forms and sustains global magnetic fields in intermediatemass main-sequence stars, it operates in the same way over the entire observed range of magnetic field strengths.
Introduction
Magnetic Ap stars are unique natural laboratories that offer the possibility to study the interaction between a strong magnetic field and astrophysical plasma with unprecedented detail. Ap stars comprise about 10% of all intermediate-mass mainsequence stars and possess globally organised magnetic fields with a typical strength of a few kG. These magnetic fields are probably stable fossil remnants from an earlier epoch of stellar evolution (Braithwaite & Nordlund, 2006) . They play a key role in the hydrodynamics of the outer stellar envelope and govern the structure formation at the stellar surface. The magnetic field introduces an anisotropic component in the radiative diffusion process, which leads to the formation of spots of enhanced or depleted element concentration and an inhomogeneous vertical distribution of chemical elements (Michaud et al., 1981; Alecian & Stift, 2010) . Observational manifestations of these chemical structures can be studied in detail (e.g. Kochukhov et al., 2004b Kochukhov et al., , 2006 , although comprehensive quantitative theoretical models explaining their formation are still lacking. It is widely believed that the magnetic field topologies of Ap stars are predominantly axisymmetric and roughly dipolar, with the magnetic axis frequently misaligned relative to the stellar rotational axis. These conclusions are mostly drawn from analyses of the rotational modulation of the so-called integral magnetic observables, such as the mean longitudinal magnetic field and the mean field modulus (Landstreet & Mathys, 2000; Bagnulo et al., 2002a) . At the same time, studies of Ap star magnetic fields based on direct line profile modelling in several Stokes parameters remain relatively rare. Such investigations tend to reveal a more complicated picture of the surface magnetic field distribution. For example, the full Stokes vector studies of bright Ap stars α 2 CVn and 53 Cam discovered small-scale horizontal contributions on top of large-scale dipole-like fields (Kochukhov et al., 2004a; Kochukhov & Wade, 2010; Silvester et al., 2014) . On the other hand, the four Stokes parameter analysis of the cool Ap star HD 24712 (Rusomarov et al., 2014) found no significant departures from a purely dipolar topology.
It is understood that inferring the topology of the Ap star magnetic fields from the circular polarisation profiles alone is bound to miss certain aspects of the field complexity Kochukhov & Wade, 2010) . But even these studies frequently require deviations from the canonical oblique dipolar topology to reproduce observations. In some cases, only a moderate distortion of a dipole is advocated , while in other situations (so far limited to early-B magnetic stars) a complex non-dipolar field is clearly evident from observations (Donati et al., 2006; Kochukhov et al., 2011) . To summarise, the current paucity of detailed polarisation line profile studies of Ap stars does not allow one to draw any firm conclusions about the systematic variation of the surface field morphology with the field strength or with key stellar parameters, such as mass and age. To this end, examining the magnetic field geometries of Ap stars with unusual characteristics is useful in terms of mapping the relevant parameter space and might provide additional clues to the problem of the field origin and evolution.
Magnetic fields of Ap stars have a well-established lower limit of ∼ 300 G for the polar strength of the dipolar component (Aurière et al., 2007) . Most Ap stars have fields in the 1-3 kG range. At the same time, the field strength distribution has a long tail extending to several tens of kG. The late-B star HD 215441 with the 34 kG mean field modulus (Babcock, 1960) remains the record-holder among magnetic A and B stars. Another B-type star, HD 137509, exhibits Zeeman splitting consistent with the field modulus of 29 kG (Kochukhov, 2006) . Finally, a much cooler Ap star HD 75049 with a field modulus variation of between 24.5 and 29.5 kG over its ≈ 4 d rotation period was discovered by Freyhammer et al. (2008) and subsequently analysed by Elkin et al. (2010) . Apart from the modelling of Zeeman-resolved Stokes I metal line profiles in HD 215441 by Landstreet et al. (1989) , none of these extremely magnetic objects were studied with high-resolution time-series spectroscopy or polarimetry. Consequently, the magnetic field geometries of all three stars remain essentially unknown beyond the schematic low-order multipolar models derived from the phase curves of integral magnetic observables.
In this paper we investigate in detail the magnetic field topology of HD 75049 based on the rotational phase variation of very high-resolution intensity and circular polarisation profiles of spectral lines. This is the first analysis of this kind for such an extreme main-sequence magnetic star. In addition to characterising the stellar magnetic field, we present results of mapping the surface distribution of chemical elements, refine the rotational period, and derive fundamental stellar parameters using model atmospheres that fully account for the chemical peculiarities and the strong magnetic field.
Observational data
High-resolution spectropolarimetric observations of HD 75049 were collected at the ESO 3.6 m telescope using the HARPS spectrometer (Mayor et al., 2003) and the HARPSpol polarimetric unit Snik et al., 2011) . A total of 24 observations were acquired during five observing runs carried out over the period of 2010-2013. Spectropolarimetric observations consisted of sequences of sub-exposures (typically 4 × 1000-1500 s) obtained with different orientations of the quarter-and half-wave retarder plates for the circular and linear polarimeters. Each of these sequences provided an intensity (Stokes I) spectrum and one of the other Stokes parameters (either V, Q or U) with a resolving power of λ/∆λ ≈ 110 000 and a wavelength coverage 3780-6910 Å with a 80 Å gap at λ = 5290 Å. In total, 14 Stokes V and 4 Stokes QU observations were obtained, the latter mostly for exploratory purposes. Table 1 provides an observing log of our HARPSpol data set of HD 75049.
The typical peak signal-to-noise (S/N) ratio of the data is 100-200 per 0.8 km s −1 pixel in the extracted spectrum as mea- sured at λ ≈ 5200 Å. For this S/N the Stokes QU spectra show no linear polarisation signatures suitable for a detailed line profile analysis. Consequently, only the Stokes I spectra from the linear polarisation observations were considered in the analysis described below. A detailed account of the HARPSpol observing procedures and the key steps of data reduction, such as the optimal extraction oféchelle spectra and calculation of the Stokes parameters from a sequence of polarimetric sub-exposures, was given by Rusomarov et al. (2013) . In the present paper we use the exact same observing procedures and reduction techniques.
To extend the baseline for determining the stellar rotational period, we downloaded from the ESO Archive the UVES intensity spectra of HD 75049 described by Elkin et al. (2010) . These data, comprising 13 spectra collected in 2007-2008, were processed with the reduce pipeline (Piskunov & Valenti, 2002) and were used here solely to determine the mean field modulus from the Fe ii 5018.44 Å line. The resolution and wavelength coverage of the UVES spectra of HD 75049 are similar to the HARPS data, while the S/N is about 250 per 1.2 km s −1 pixel.
Stellar parameters
The uvbyβ and Geneva photometry provide convenient means of determining the effective temperature and surface gravity for A and late-B main-sequence stars (Moon & Dworetsky, 1985; Kunzli et al., 1997) . Photometric data in both systems are available for HD 75049. However, it is well-known that standard photometric calibrations, established using normal model atmospheres and non-peculiar stars, may introduce a systematic bias when applied to Ap stars (Netopil et al., 2008) . This is due to an enhanced metal line blanketing in their atmospheres, which leads to a redistribution of flux from UV to optical and a signif-icant modification of many photometric parameters. This problem is commonly alleviated by applying empirical corrections to the normal photometric calibrations or deriving calibrations suitable specifically for Ap stars (e.g. Stepien & Dominiczak, 1989; Hauck & North, 1993) . However, this approach is obviously inadequate when dealing with such an extreme object as HD 75049. Instead, we took advantage of the recent development of realistic model atmospheres of Ap stars capable of taking into account both the non-solar chemical composition of the atmosphere and a strong magnetic field. Specifically, we calculated a grid of model atmospheres and spectral energy distributions covering the T eff = 9000-11000 K and log g = 3.5-4.5 ranges with the help of the llmodels code (Shulyak et al., 2004) . In these calculations we assumed the chemical composition of HD 75049 reported by Elkin et al. (2010) and adopted the 27 kG radial magnetic field, corresponding to the phase-averaged mean field modulus of HD 75049. The Zeeman splitting of spectral lines and polarised radiative transfer were treated in full detail, as discussed by Khan & Shulyak (2006) . The VALD database (Piskunov et al., 1995; Kupka et al., 1999) was used as a source of the line opacity data.
Using this set of model atmospheres and the corresponding spectrum energy distributions, we calculated theoretical parameters for the Strömgren and Geneva photometric systems and compared them with the observed values. This led to T eff = 10430 K, log g = 4.40, and T eff = 10150 K, and log g = 4.38 for the a 0 , r * and c 1 , β calibrations of the uvbyβ system (see Moon & Dworetsky, 1985) . On the other hand, the pT, pG Geneva photometric parameters (Kunzli et al., 1997) indicate T eff = 10320 K and log g = 4.12. The B2 − G Geneva colour suggests T eff = 10030 K for log g = 4.3. The hydrogen Balmer lines in our HARPS spectra of HD 75049 favour log g = 4.3 over log g = 4.1. As a compromise, we adopted T eff = 10250 ± 250 K and log g = 4.3 ± 0.1.
The broad-band photometric variation of HD 75049 has an amplitude of only 10 mmag in Johnson V (Freyhammer et al., 2008) . As we show below, the surface gradients of chemical elements (Si, Cr, Fe) that are most important for atmospheric structure are relatively mild. Therefore, it is unlikely that the snapshot Strömgren and Geneva photometric measurements used here for T eff and log g determination are significantly affected by stellar variability.
According to the Padova evolutionary tracks (Bertelli et al., 2009) , the atmospheric parameters of HD 75049 are compatible with a 2.2-2.7 M star that has not evolved significantly off the zero-age main sequence. The corresponding stellar radius lies in the range from 1.8 to 2.4 R . Taking into account the rotational period P rot = 4.048267 d and the projected rotational velocity v e sin i = 11.5 km s −1 determined below, the oblique rotator relation yields an inclination angle of the stellar rotational axis i = 25-31
• for the aforementioned radius range. In comparison, the P rot uncertainty is completely negligible for i determination, while the v e sin i uncertainty contributes 1.3
• to the total error budget.
Integral magnetic observables

Longitudinal magnetic field
The mean longitudinal magnetic field B z characterises the disk-averaged line-of-sight component of the stellar magnetic field. This is the most commonly used magnetic observable for early-type stars. Longitudinal field can be inferred both from high-and low-resolution circular polarisation spectra (Mathys, 1991; Bagnulo et al., 2002b) . Despite the strong circular polarisation signal in many spectral lines, it is not trivial to determine B z for HD 75049 because the line profiles are strongly distorted by the Zeeman splitting and are often severely blended. In addition, many techniques for determining B z rely on the weak-field assumption, which is evidently inappropriate for HD 75049. Nonetheless, we found that applying the leastsquares deconvolution (LSD, Donati et al., 1997) to the spectra of our target provides a set of high-precision mean Stokes I and V profiles (see Fig. 1 ), which can then be used to establish B z as discussed in . These longitudinal field measurements and associated formal error bars are reported in Table 2 . The B z variation of HD 75049 is roughly sinusoidal, without a sign reversal and with an extremum at −9.2 kG. This is similar to the −9 kG longitudinal field found in NGC 2244-334 (Bagnulo et al., 2004) and is exceeded only by 12-23 kG B z measured for HD 215441 (Borra & Landstreet, 1978) .
The LSD technique indirectly relies on the weak-field assumption, only through a choice of weights used in the lineaveraging procedure. With the help of synthetic spectrum calculations we assessed the magnitude of systematic errors that are likely to be present when applying LSD to the polarisation profiles of HD 75049. Specifically, we computed a grid of synthetic Stokes V spectra for the entire wavelength region covered by the observations and then derived LSD profiles using the same set of lines as in the analysis of the observed spectra. Then we obtained B z from the resulting synthetic LSD profiles and compared these measurements with the input longitudinal field values. This analysis allows us to conclude that the shape of B z curve is unaffected, but the amplitude is underestimated by 5-10%.
In the previous study of HD 75049, Elkin et al. (2010) determined the mean longitudinal magnetic field from the lowresolution FORS1 spectra using a correlation between the Stokes V signal and the derivative of Stokes I. This approach is different from our methodology and is also formally valid only for weak fields. Nevertheless, as illustrated in Fig. 2 , our LSD B z measurements agree very well with the longitudinal field estimated by Elkin et al. (2010) from the metal line regions. On the other hand, their B z curve derived from the hydrogen Balmer lines is offset by about 0.5 kG from their metal line measurements and our LSD results.
Mean field modulus
The mean magnetic field modulus B is another common Apstar magnetic observable. It is a measure of the magnetic field strength averaged over the stellar disk. The field modulus can be derived from differential broadening of spectral lines with different magnetic sensitivity (e.g. Kochukhov et al., 2006) or from separation of the Zeeman resolved π and σ components (Mathys, 1990) . The latter approach is essentially model independent but requires a combination of a particularly strong magnetic field and slow stellar rotation.
The spectrum of HD 75049 exhibits a host of spectral lines with fully resolved Zeeman splitting. However, many of these lines are significantly blended or have complex splitting patterns. The Zeeman components of the Fe ii 5018.44 Å line appear most suitable for precise B determination since this line is strong, has a simple triplet-like splitting pattern, and is free from major blends.
The usual method of inferring B consists of fitting a superposition of Gaussian profiles to individual Zeeman components and applying the formula
where wavelength is measured in Å, B in Gauss, andḡ is the effective Landé factor of the line (ḡ = 1.935 for Fe ii 5018.44 Å). The left-hand side of this equation represents the distance between the centres of blue-and red-shifted σ components, ∆λ σ = λ σ r − λ σ b .
In general, a simple symmetric analytical function, such as a Gaussian, cannot provide a perfect fit to σ components of the disk-integrated profile of a Zeeman triplet. The reasons for this include the distribution of field strengths at the stellar surface and an interplay between rotational Doppler shifts and Zeeman splitting. These two effects lead to a distortion and asymmetries of the σ components. This phenomenon is clearly observed for the Fe ii 5018.44 Å line in the spectrum of HD 75049 at many rotational phases. By experimenting with different analytical functions, we found that the fit to the observed profiles of this line can be greatly improved if one uses an asymmetric Gaussian function with individual FWHM parameters for the blue and red wings. Using this method, we were able to derive a set of precise B measurements for HD 75049. These field modulus measurements are reported for our 24 HARPS Stokes I spectra in Table 3 . For consistency, we also applied an asymmetric Gaussian fit to Elkin et al. (2010) . The resulting B measurements are given in Table 3 as well.
The combined B curve is presented in Fig. 3 . We find that the field strength varies from 25.1 to 29.6 kG. The shape of B variation of HD 75049 deviates noticeably from the single-or double-wave sinusoid expected for an oblique dipolar field. In particular, the field strength maximum around phase 0.5 is flattened and the increase to the maximum occurs over a shorter phase interval than the subsequent decrease. We found that a fourth-order Fourier curve is necessary to reproduce the phase variation of the mean field modulus. The scatter of measurements around this curve is only 55 G, giving an estimate of the internal field measurement precision. With the help of this Fourier fit, we determined an improved stellar rotational period of P rot = 4.048267 ± 0.000036 d. The phases given here were computed with this period and the same reference Julian date, 24454509.550, as used by Elkin et al. (2010) .
We estimated an uncertainty of the rotational period from the chi-square fit by adopting the same weight to all measurements and requiring that the reduced chi-square of the fit equals 1. Our rotational period is formally inconsistent with P rot = 4.04899 ± 0.00008 d reported by Elkin et al. (2010) . These authors inferred the period from the mean longitudinal field measurements obtained with the FORS1 instrument. The random and systematic errors of B z inferred from the FORS1 data are notoriously uncertain (Bagnulo et al., 2012 (Bagnulo et al., , 2013 . Recently, Landstreet et al. (2014) re-analysed FORS1 observations of HD 75049, finding a factor of two larger B z errors than Elkin et al. (2010) and obtaining a much more uncertain rotational period, P rot = 4.047±0.003 d. The latter period is formally consistent with our determination.
Magnetic Doppler imaging
Methodology
We carried out a tomographic reconstruction of the magnetic field topology and chemical abundance distributions in HD 75049 with the help of the magnetic Doppler imaging code Invers10 . This code performs a simultaneous and selfconsistent magnetic and chemical mapping based on polarised radiative transfer calculations with a realistic model atmosphere. Theoretical Stokes spectra are compared with observations in several Stokes parameters and the surface distributions are adjusted iteratively to reproduce the phase variation of the observed intensity and polarisation profiles. In the version of the Invers10 code applied here we used a general spherical harmonic expansion of the stellar magnetic field . The field is parameterised with a set of harmonic coefficients α ,m , β ,m , γ ,m , describing the radial poloidal, horizontal poloidal, and horizontal toroidal magnetic field components, respectively. Given a relatively low projected rotational velocity of HD 75049, we limited the harmonic expansion to terms with ≤ 5. In addition, we experimented with inversions assuming a purely dipolar poloidal topology, which in this formalism is realised by setting = 1, α = β, and γ = 0.
A penalty function, designed to minimise unnecessary contribution of higher-order modes (see Kochukhov et al., 2014) , was employed in the magnetic inversions with > 1. At the same time, the standard Tikhonov regularisation was used for the reconstruction of chemical abundance maps.
For simultaneous magnetic and chemical abundance mapping we selected a set of 14 spectral lines of Si, Cr, and Fe. The main criteria for the line selection was the presence of a clear Stokes V signature at most rotational phases and the absence of significant blending. We used lines with large Landé factors (ḡ ≥ 1.5) and lines with low magnetic sensitivity (ḡ ≤ 0.5). The latter are useful for constraining v e sin i and improving the reconstruction of the chemical spot distributions.
Parameters of the spectral lines employed for MDI are listed in Table 4 . This table also includes information on four Nd iii lines used to reconstruct the abundance distribution of this element from the Stokes I spectra.
A set of oscillator strengths extracted from the VALD data base inevitably contains some errors. Vertical chemical stratification and non-LTE effects, both ignored in our study, may introduce additional discrepancies between relative strengths of spectral lines with different excitation potentials and equivalent widths (Ryabchikova et al., 2002; Mashonkina et al., 2005) . To remove this line-to-line scatter, we corrected for the oscillator strengths by reducing them to a common system for each ion. In practice, this was accomplished by performing preliminary inversion with a common magnetic field but individual homogeneous abundance distributions for each line. The resulting individual abundances were averaged and deviations from the mean value were adopted as oscillator strength corrections to individual lines. The corrected oscillator strengths are reported in the last column of Table 4 .
The projected rotational velocity was determined by examining the goodness of MDI fits to the lines of Si, Cr, and Fe for different v e sin i values. All three elements consistently point to v e sin i = 11.5 ± 0.5 km s −1 . According to the discussion in Sect. 3, the inclination angle of the stellar rotational axis is probaby at between 25 and 30
• . We adopted i = 30
• for all inversions discussed below. A variation of i within 5-10
• has a negligible impact on the inversion results.
Magnetic field topology
The field topology of HD 75049 was derived with the help of Invers10 by fitting the phase variation of the Stokes I and V spectra of the 14 Si, Cr, and Fe lines listed in Table 4 . Chemical abundance distributions were derived simultaneously for all three elements. Results of the inversions are presented in Figs. 4-8. The first pair of figures compares HARPSpol observations with the theoretical intensity (Fig. 4) and circular polarisation (Fig. 5) profiles. The next two figures illustrate the inferred surface distribution of magnetic field for the inversion with a general harmonic parameterisation (Fig. 6 ) and for the restricted dipolar fit (Fig. 7) . The different rows in these figures show spherical projections of the surface distributions for the field modulus, the total horizontal field, and the radial field. The bottom row shows a vector field map that includes highlighted regions of opposite polarity. Finally, Fig. 8 shows the spherical maps of the chemical abundance distributions obtained in our study.
As evident from Figs. 4 and 5, the inversion code successfully reproduces all available observations, both in Stokes I and V. The resulting magnetic map is best described as a distorted dipolar field. In agreement with the longitudinal field variation, large areas of both negative (inward directed field) and positive (outward directed field) polarities are present on the stellar sur- face at the magnetic minimum phase (ϕ ≈ 0). On the other hand, at the magnetic maximum around ϕ ≈ 0.5 the entire visible stellar surface is covered by a negative field.
The phase variation of the relative intensities of the π and σ components in the Zeeman-resolved spectral lines is also broadly compatible with a dipolar behaviour. The strength of the σ components is proportional to 1 + cos 2 θ, where θ is the angle between the local field vector and the line of sight. At phase 0 Fig. 4 . Comparison of the observed Stokes I profiles (black line) of Si, Cr, and Fe lines with the fit achieved by the magnetic inversion code using all harmonic modes with ≤ 5 (thick blue line). The thin red line illustrates an attempt to reproduce observations with a dipolar field topology. Spectra corresponding to different rotation phases are offset vertically. Rotation phases are indicated to the right of each spectrum. The error bars in the lower left corner indicate the vertical (10%) and horizontal (0.5 Å) scales.
we observe the magnetic equator with large amounts of transverse field. In accordance with this, Zeeman triplet lines exhibit weaker σ components. Conversely, at phase 0.5, when the field is predominantly directed along the line of sight, the σ components become stronger.
According to the maps presented in Fig. 6 , the maximum field modulus reached at the stellar surface is 39 kG and the strongest local radial field is −29 kG. In terms of the energy contributions of different harmonic terms, the magnetic field of HD 75049 is almost entirely poloidal (96% of the total magnetic energy) and dipolar (90% of the magnetic energy is concentrated in = 1 modes).
But despite the general dipolar-like behaviour, our inversion results indicate that the field of HD 75049 deviates from a pure oblique dipole in a number of subtle aspects. For example, the region with the strongest local field modulus forms a longitudi- nally extended arc (see Fig. 6a ) rather than a circular spot at the negative pole. There are also numerous deviations from axisymmetry at the level of up to 40% for the field modulus and 30% for the radial field maps. An examination of the inversion results reveals that these deviations from the canonical dipolar topology are mainly accomplished not by introducing higher-order multipolar terms, but by modifying the horizontal poloidal field (β coefficients in the harmonic expansion) relative to the radial field (α coefficients) for the same and m values.
We have assessed significance of the deviation of the magnetic field geometry of HD 75049 from the pure dipolar shape by comparing in detail magnetic inversions for the general multipolar expansion and for the restricted dipolar fit. The optimal dipolar field, illustrated in Fig. 7 , has a polar strength of B p = 36 kG and an obliquity of β = 36
• . The corresponding theoretical Stokes profiles are displayed in Figs the observed and computed profiles, the dipolar fit provides an about 40% poorer description of the observed intensity spectra than the inversion with all ≤ 5 harmonic terms.
The dipolar model is far less successful in reproducing details of the Stokes V profile variation. Figure 5 shows that this model only matches the circular polarisation spectra of lines with small Landé factors. For all lines with strong Zeeman splitting this model yields stronger V profiles than in observations at phase 0.5. It also predicts some sharp profile details, for instance for Fe ii 4923.92 Å, that are not observed. The amplitude of the Stokes V signatures is also significantly underestimated at the magnetic minimum around phase 0.0. The overall quality of the dipolar Stokes V fit is reduced by as much as 65% compared with the magnetic inversion with a full set of harmonic terms. In conclusion, although departures from a dipolar field geometry of HD 75049 are relatively small, they appear to be statistically significant and are justified by the observational data at hand.
Chemical abundance distributions
We reconstructed surface abundance distributions of four chemical elements. The maps of Si, Cr, and Fe were obtained simultaneously with the magnetic field topology, as explained above. In addition, the distribution of Nd was derived from the Stokes I profiles of four Nd iii spectral lines using the previously inferred magnetic field geometry. Chemical abundance maps are presented in Fig. 8 . Figure 9 compares the observed and computed profiles of Nd iii lines.
In general, HD 75049 does not exhibit large surface chemical gradients. The contrast of both Si and Fe abundance distributions, determined by considering 90% of surface zones, is about 0.5 dex. Both elements are overabundant by ∼ 1 dex on average relative to the Sun and show a relative enhancement close to the rotational phase 0, when the magnetic equatorial region is visible at the stellar surface. The Fe spot at phase 0 is slightly offset relative to similar structure in the Si map. In addition, Fe distribution exhibits a secondary enhancement area around phase 0.5.
Both Si and Fe show a relative underabundance zone at the rotational pole. We suspect this feature to be an artefact of ignoring vertical chemical stratification. Indeed, the concentration of light and iron peak elements is observed to decrease with height in Ap stars (Ryabchikova et al., 2002; Kochukhov et al., 2006) . This leads to line profile shapes with extended wings and a shallow core. These anomalies would be interpreted as a pole-toequator abundance increase by a DI code that assumes a homogeneous vertical distribution of chemical elements.
The surface distributions of Cr and Nd are characterised by higher contrasts: 1.2 and 1.4 dex. The average concentration of these elements in the atmosphere of HD 75049 exceeds the corresponding solar abundances by 2.4 dex for Cr and 3.6 dex for Nd. The chromium surface map is dominated by a compact spot situated at the magnetic equator region. Neodymium shows an opposite distribution with a large overabundance area roughly coinciding with the stellar surface region covered by negative magnetic field. Neither element shows the axisymmetric polar feature found in the Si and Fe maps.
Conclusions and discussion
We have carried out a detailed analysis of the phaseresolved, very high-resolution intensity and circular polarisation HARPSpol spectra of HD 75049. This object is, in many respects, an extreme Ap star, with the second-strongest magnetic field known among non-degenerate stars. We have presented new measurements of the longitudinal magnetic field and the mean field modulus for HD 75049. The HARPS field modulus data, combined with measurements derived by us from archival spectra, were used to refine the stellar rotational period. We also derived atmospheric parameters of HD 75049 with the help of modern theoretical model atmospheres, which included a direct treatment of non-solar chemical abundances and the Zeeman effect due to a strong magnetic field. Finally, we performed tomographic mapping of the surface of HD 75049 using magnetic Doppler imaging. This analysis yielded a detailed map of the stellar magnetic field topology and distributions of four chemical elements. Both the magnetic field topology analysis and the chemical mapping results presented in our study of HD 75049 probe previously unexplored parameter space and thus provide valuable constraints on the magnetohydrodynamic models of the envelopes of Ap/Bp stars. Based on the results of our MDI analysis, we conclude that the morphology of the surface features in HD 75049 is not qualitatively different from surface inhomogeneities found in Ap stars with much weaker magnetic fields. The field geometry of HD 75049 is poloidal and close to dipolar. Deviations from an axisymmetric oblique dipole configuration are small but statistically significant. In this respect, the geometrical properties of the magnetic field in HD 75049 are similar to other Ap stars studied with the Stokes IV imaging (e.g. Lüftinger et al., 2010; Kochukhov et al., 2014) , even though our target has a field that is an order of magnitude stronger. At the same time, the contrast of the chemical abundance distributions appears to be considerably lower in HD 75049 than in stars with weaker fields (Lueftinger et al., 2003; Kochukhov et al., 2004b; Freyhammer et al., 2009) .
The analysis of HD 215441=Babcock's star by Landstreet et al. (1989) is the only previous line profile study of an Ap star with ∼ 30 kG mean field strength. In that paper an axisymmetric model of the magnetic field topology and schematic axisymmetric abundance maps were derived by fitting Zeeman-resolved lines in the intensity spectra. The spectral resolution of these data was more than twice as low as in our study, and circular polarisation spectra were not available at all. The field geometry of HD 215441 was modelled with a combination of axisymmetric dipole, quadrupole, and octupole components of comparable strength. The best-fit magnetic field model found by Landstreet et al. (1989) is roughly bipolar, with considerable asymmetry in the field strength between the visible and invisible magnetic poles. At the same time, the Stokes I line profile fits presented by Landstreet et al. (1989) are generally inferior to those achieved in our analysis of HD 75049. Together with the lack of highresolution polarisation profile modelling, this makes details of the magnetic field topology of HD 215441 somewhat uncertain and leaves some room for improvement. It would be worthwhile to re-analyse this star using modern high-quality observations in several Stokes parameters.
Two main conclusions regarding the field strength dependence of the field topology and the contrast of chemical abundance distributions can be drawn by comparing previous studies and our MDI results obtained for HD 75049. First, mechanisms that create and sustain global magnetic fields in intermediatemass main-sequence stars operate independently of the field intensity over at least two orders of magnitude (from ∼ 0.3 to ∼ 30 kG) of the field strength. Instead, there appears to be a dependence on the stellar mass, with very complex non-dipolar field geometries found exclusively in higher-mass early B-type stars (Donati et al., 2006; Kochukhov et al., 2011) .
Second, if the process of radiative diffusion altered by magnetic field is assumed to be responsible for the chemical inhomogeneities on the surfaces of Ap stars, its efficiency is independent of the field strength in the range between 0.3 and ∼ 10 kG, as can be judged from comparable spot contrasts in ε UMa, for example (Lueftinger et al., 2003; Bohlender & Landstreet, 1990 , B p = 0.4 kG), HD 83368 (Kochukhov et al., 2004b , B p = 2.5 kG), and HD 3980 (Nesvacil et al., 2012 , B p = 6.9 kG). At the same time, according to the results obtained here for HD 75049 and by Landstreet et al. (1989) for HD 215441, the surface abundance contrasts diminish as the field strength reaches several tens of kG.
